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Description 
TECHNICAL FIELD 

5 [0001] The present Invention relates to a polyethylene microporous film suitable as a separator for batteries and a 
process for producing the same. 

BACKGROUND ART 

10 [0002] Polyethylene microporous film Is In use for precision filtration fllm s separators for batteries, separators for 
condensers and the like. Among these uses, when the film is used as a separator for batteries, particularly as a separator 
for lithium ion batteries, the film is required to have, in addition to such general characteristics of microporous films as 
good mechanical strength and permeability, the so-called fuse effect which signifies that when the inside of the battery 
is overheated the separator is molten to form a film which covers the electrode and breaks the electric current and 

is thereby secures the safety of the battery. 

[0003] It is known that in the case of polyethylene microporous film the temperature at which the fuse effect manifests 
itself, that is, the fuse temperature, is in the range of about 1 30 - 1 50°C. Even when the inside of the battery is overheated 
for some reason, the microporous film melts at the point of time at which the inside temperature reaches the fuse 
temperature to cover the electrode as a continuous film, whereby the electric current is broken and the battery reaction 

20 is stopped. However, when the temperature rise is very rapid the battery temperature may continue to rise even after 
the fuse effect has been developed with the result that sometimes the continuous film is broken to cause the return of 
electric current (that is, to cause a short-circuit); this presents a serious problem in respect of safety. Accordingly, the 
development of a polyethylene microporous film having a high heat resistance which makes it possible to secure the 
safety of the battery even under such severe conditions has been eagerly desired. 

25 [0004] For example, JP-A-4-206257 discloses a method which improves the heat resistance of polyethylene by blend- 
ing therewith polypropylene, which has a higher melting point than polyethylene. In this method, however, though a 
certain extent of improvement in heat resistance can be expected in the microporous film, the film readily flows and 
breaks after becoming molten by overheating even though it contains blended polypropylene, so that a substantial 
improvement is not attained in respect of securing the safety of the battery. Moreover, this method has a difficulty in 

30 that polypropylene is poorly compatible with polyethylene and hence the polymers tend to separate from each other 
in the microporous film, thereby lowering the film strength. 

[0005] JP-A-3-1 05851 discloses a method of improving the mechanical strength of high molecular weight polyeth- 
ylene by blending therewith a specific amou nt of superhigh molecular weight polyethylene. Since superhigh molecular 
weight polyethylene has a considerably high viscosity even after melting, that is : has a good shape-retaining property, 
35 the polyethylene microporous film obtained by the disclosed method does not readily break even after being molten, 
but nevertherless the film does break under severe conditions. Thus, this method does not bring a substantial solution 
of the problem, like the aforesaid patent disclosure. 

[0006] JP-A-56-73857, JP-A-63-205048, JP-A-3-274661 , JP^V-1 -167344 and JP-A-6-329823 disclose methods of 
improving the mechanical strength, oxidation resistance and heat resistance of polyolefin microporous film by crosslink- 
40 ing the film. 

[0007] Among them, the invention disclosed by JP-A-56-73857 is directed to a microporous film for lead batteries 
which contains inert fillers. However, the microporous film has a low mechanical strength of 120 kg/cm 2 and hence is 
unacceptable for use as separators. 

[0008] The polyethylene microporous film disclosed in JP-A-63-205048 is a film of a large pore diameter with a 
45 maximum pore diameter of 20 p.m and can hardly exhibit the fuse effect and moreover involves the risk of short-circuits 
caused by precipitated metals and crumbled active materials. Thus, It is unsuitable as a separator. 
[0009] JP-A-1 -1 67344 discloses a method which comprises adding a crosslinking agent, but the polyolefin micropo- 
rous film obtained by the method shows a low breaking strength of 330 kg/cm 2 or less and hence is unsuitable for use 
as separators. 

so [0010] JP-A-3-274661 discloses a method which comprises applying the irradiation of ionizing radiation at a relatively 
small dose of 0.1-10 Mrad to especial microporous film containing the same inert fillers as used in JP-A-56-73857 and 
to a microporous film produced by the stretching hole-opening method. However, the microporous films thus obtained 
involve a risk in that, as shown in Figs. 3 and 4 of JP-A-3-274661, when these polyolefin microporous films are thor- 
oughly crosslinked, the increase of impedance at the time when the fuse effect is to be developed becomes slow, 

55 resulting in the delay of electric current breakage. Moreover, according to circumstances, the separator which is in an 
incomplete state of fusing may conversely become a resistance component and cause the build-up of heat in the 
battery. Furthermore, these microporous films are unsatisfactory in mechanical strength in view of the needs of the 
market and also present difficulties in improving the productivity of batteries. 
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[0011] JP-A-6-329823 discloses a method for producing a microporous film which comprises crosslinking a polyolef in 
sheet, then immersing the sheet in a good solvent for polyolefin to swell the sheet, and preventing the shrinkage of 
the sheet or stretching the sheet. This method has been devised for the purpose of omitting the step of producing a 
polyethylene hot solution which has been indispensable in the production of previous polyethylene microporous film, 
5 but the disclosure teaches nothing about the heat resistance of the film obtained. Moreover, the method has problems 
in that since the sheet is prepared without going through a hot solution, stretching at a high draw ratio is difficult to 
achieve and hence it is difficult to obtain a sheet having a high strength. Moreover, a lot of time is required for sweeling 
the sheet and hence the method is not practical as an industrial process. 

10 DISCLOSURE OF THE INVENTION 

[0012] The object of the present invention is to provide, overcoming the above-mentioned problems, a polyethylene 
microporous film which is excellent in mechanical property, permeability and productivity and has both a sharp fuse 
effect and a high heat resistance which can assure the safety of batteries even under severe situations. 

15 [0013] The inventors have made extensive studies to obtain such a polyethylene microporous film. As the result, it 
has been found that a polyethylene microporous film which has both a sharp fuse effect and a high heat resistance 
can be obtained by applying a crosslinking treatment to a specific polyethylene microporous film or the intermediate 
product thereof. The present invention has been accomplished on the basis of the above finding. 
[0014] Thus, the first embodiment of the present invention is directed to a polyethylene microporous film having a 

20 high strength and excellent heat resistance which has a crosslinked structure and has a porosity of 20 - 80%, a gel 
fraction of 1% or more and an average pore diameter as determined by the permeation method of 0.001 - 0.1 urn The 
aspect relates preferably to a polyethylene microporous film having a residual contraction rate of 15% or more, more 
preferably to a polyethylene microporous film having a fuse speed of 5.0 or more, still more preferably to a polyethylene 
microporous film having a piercing strength of 300 g or more, still further more preferably to a polyethylene microporous 

25 film having a piercing strength of 400 g or more, and most preferably to a polyethylene microporous film having a 
breaking time of 20 seconds or more as determined in silicone oil at 1 60°C. 

[0015] The second embodiment of the present invention is directed to a polyethylene microporous film produced by 
a process for producing microporous film comprising the steps of preparing a hot solution consisting essentially of 
polyethylene and a plasticizer, cooling and solidifying the hot solution to form a sheet, stretching the sheet in at least 
30 a uniaxial direction to obtain an oriented filnr and removing by extraction the plasticizer contained in the oriented film, 
wherein at least one time of crosslinking treatment is applied to the sheet or film in any one of the process steps or 
after the steps. The embodiment relates more preferably to a polyethylene microporous film obtained by applying the 
crosslinking treatment after stretching. 

[0016] The third embodiment of the present invention is directed to a process for producing a polyethylene micro- 
35 porous film comprising the steps of preparing a hot solution consisting essentially of polyethylene and a plasticizer, 
cooling and solidifying the hot solution to form a sheet, stretching the sheet in at least a uniaxial direction to obtain an 
oriented film, and removing by extraction the plasticizer contained in the oriented film, wherein at least one time of a 
crosslinking treatment is applied to the sheet or film in any one of the process steps or after the steps. The embodiment 
relates preferably to a process for producing a polyethylene microporous film wherein the crosslinking treatment is 
40 applied after stretching, more preferably to a process for producing a polyethylene microporous film wherein the method 
of crosslinking is electron beam irradiation, most preferably to a process for producing a polyethylene microporous film 
wherein the electron beam is irradiated after removing the plasticizer by extraction. 

[0017] The fourth embodiment of the present invention is directed to a separator for batteries which uses the poly- 
ethylene microporous film according to the aforesaid first to third embodiments. 
45 [0018] The fifth embodiment of the present invention is directed to a battery which uses the separator for batteries 
according to the aforesaid fourth embodiment. 

BEST MODE FOR CARRYING OUT THE INVENTION 

so [0019] The present invention is described in detail below. 

[0020] First, description is given of the polyethylene microporous film of the present invention. 
[0021] After extensive study on the fuse speed of a separator, the present inventors have found that the fuse speed 
in a crosslinked microporous separator is subject to the influences of the pore diameter of the micropore, the molecular 
weight of the polymer used in forming the film, the gel fraction of the microporous film, and other factors, among which 

55 the influence of the pore diameter is most marked. After further study on crosslinking a specific microporous film and 
the intermediate product thereof, the inventors have found that whereas previous microporous films undergo a marked 
decrease in the fuse speed by several Mrad of electron beam irradiation, the microporous film of the present invention, 
owing to its small pore diameter, is not materially influenced by the molecular weight of the starting material polymer 



3 



EP 0 814 117 B1 

and the gel fraction of the microporous film, and a microporous film which has both a high heat resistance and a sharp 
fuse effect can be produced. Thus, the present invention has been completed. 

Gel fraction 

5 

[0022] The gel fraction, which specifies the crosslink structure of microporous film, may be evaluated by a method 
of determination according to ASTM D2765. The gel fraction in the present invention is at least 1%, preferably at least 
5%, more preferably at least 10%. The upper limit of the gel fraction is not particularly restricted but, in the case of 
crosslinking by electron beam irradiation, for example, excessive irradiation is apt to cause the lowering of the strength 
10 of the microporous film, so that the crosslink structure is preferably controlled with a value of about 80% as a guidepost. 

Residual contraction rate 

[0023] The heat resistance of a separator is markedly improved by crosslinking but, in spite of the improvement in 
15 heat resistance, the contraction stress, which may cause a short-circuit, is preferably decreased to as low a level as 
possible. 

[0024] For example, in the production process of the present invention, the timing of application of crosslinking may 
be roughly divided to application before stretching and that after stretching. When crosslinking is applied after stretching, 
the molecules elongated by the stretching are fixed at the crosslinking points and therefore contraction of the micro- 

20 porous film at the time of fusing can be suppressed and consequently, as compared with a case wherein crosslinking 
is applied before stretching, the heat resistance of the microporous film can be improved at the same gel fraction. 
[0025] When crosslinking is applied before stretching, on the other hand, the fused microporous film develops a large 
contraction stress owing to its tendency to recover the shape assumed at the time of crosslinking, so that, depending 
on the battery structure, the film has a higher tendency to undergo a short-circuit as compared with a microporous film 

25 crosslin ked after stretching. This tendency is particularly apt to develop when the gel fraction has a high value of 30% 
or more. 

[0026] As is apparent from the foregoing, the degree of difficulty for the microporous film to undergo contraction at 
the time of fusing can be evaluated by the residual contraction rate of the film. The residual contraction rate of the 
microporous film according to the present invention is at least 15%, preferably at least 20% : more preferably at least 
30 30%. 

Fuse characteristic 

[0027] The fuse temperature of the polyethylene microporous film of the present invention can be obtained from the 
35 temperature dependency of impedance in the simplified cell determination. The fuse temperature of the polyethylene 
microporous film according to the present invention is 100°C - 160°C, preferably 110°C - 140 C C, and more preferably 
120°C - 135°C. When a film having a fuse temperature higher than 160°C is used as a separator for batteries, there 
may arise the problems of the degradation of the electrolyte and the runaway reaction of the electrode. Considering 
that the use of the film at high temperatures, e.g., inside automobiles, is inevitable, a fuse temperature of the micro- 
40 porous film below 1 00°C is undesirable. 

[0028] The sharpness of fuse (that is, fuse speed) can be determined from the rate of increase of the logarithm of 
impedance with temperature at an impedance of 1000 Q in the simplified cell determination. The fuse speed of the 
microporous film according to the present invention is preferably at least 5.0, more preferably at least 10.0. When the 
fuse speed is less than 5.0, the heat generation of the separator itself due to incomplete state of fusing cannot be 
45 neglected; this is undesirable. 

[0029] In this connection, the fuse speed of the microporous film disclosed In the aforesaid JP-A-3-274661 is 10.0 
for uncrosslinked film and 2.1 for crosslinked film. 

Heat resistance evaluation 

so 

[0030] The heat resistance of the microporous film of the present invention as a separator may be ultimately evaluated 
by such various acceleration tests as the overcharge test, external short-circuit test and heating test which are con- 
ducted with a battery assembled by using the microporous film. However, the present inventors have made extensive 
studies on the film breaking behavior of the microporous film after fusing, and as a result have found that the results 
55 of evaluation by these acceleration tests are closely correlated to the film breaking time determined in silicone oil at 
160°C. 

[0031] Thus, the polyethylene microporous film according to the present invention, which shows a breaking time of 
at least 20 seconds in silicone oil at 160°C S passed ail the acceleration tests described above. On the other hand, 
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polyethylene microporous films according to the prior art could not pass at least one of the acceleration tests, and 
showed a breaking time of not more than 20 seconds. Thus, the breaking times were in good correspondence to the 
results of the acceleration tests. 

[0032] The polyethylene microporous film according to the present invention has a sharp fuse effect and high heat 
5 resistance as described above and moreover, with regard to other general properties, has an air permeability, converted 
to a thickness of 25 u.m, of not more than 2,000 seconds and a breaking strength of not less than 500 kg/cm 2 ; thus it 
is superior to previous polyethylene microporous films not only in heat resistance but also in mechanical strength and 
permeability. 

[0033] The polyethylene used in the present invention is preferably a high density polyethylene or a copolymer of 
10 ethylene with an a-olefin, which are crystalline polymers comprising mainly ethylene units, and may contain not more 
than 30% of polyolefins, e.g., polypropylene, medium density polyethylene, linear low density polyethylene, low density 
polyethylene and EPR, blended therewith. 

[0034] The weight average molecular weight of the polyethylene is 1 0 5 to 4 x 1 0 6 , preferably 2 x 1 0 5 to 1 0 6 , more 
preferably 2 x 10 5 to 7 x 10 s . When the molecular weight is less than 10 5 , the sheet is apt to break at the time of 

is stretching, whereas when it is more than 4 x 1 0 6 , the hot solution used for sheet production is prepared with difficulty 
and the fuse effect of the microporous film obtained is slow. The weight average molecular weight of the polymer to 
be used may be adjusted to a favorable range by such means as blending and multi-stage polymerization. 
[0035] The film thickness of the microporous film is 1 - 500 jim, preferably 10 - 200 urn, more preferably 1 5 - 50 urn 
When the film thickness is less than 1 u,m, the mechanical strength of the film is insufficient, whereas when it is more 

20 than 500 jim difficulties arise in obtaining batteries of smaller size and lighter weight. 

[0036] The porosity of the microporous film is 20 - 80%, preferably 30 - 60%. When the porosity is less than 20%, 
the permeability of the film is insufficient, whereas when it is more than 80%, the mechanical strength of the film is 
unsatisfactory. 

[0037] The average pore diameter of the micropores can be determined by the permeation method using a water- 
25 soluble polymer, such as pullulan. The average pore diameter of micropores of the microporous film according to the 
present invention is 0.001 - 0.1 u.m, preferably 0.005- 0.05 \im, more preferably 0.01 - 0.03 u,m. When the average 
pore diameter is less than 0.001 jxm the permeability is insufficient, whereas when it is more than 0.1 nm the fuse effect 
is exhibited undesirably stow. 

[0038] The piercing strength of the microporous film is at least 300 g; preferably at least 400 g, more preferably at 
30 least 450 g. When the piercing strength is less than 300 g, there is a likelihood of the separator being short-circuited 
by active materials and the like which have fallen off. 

[0039] The process for producing the polyethylene microporous film of the present invention is described below. 
[0040] The process for producing the polyethylene microporous film of the present invention comprises as the basis 
the three steps of film forming step, stretching step and extracting step, wherein at least one time of crosslinking 
35 treatment is applied in any one of these steps or after these steps. 



Film forming step 



[0041] The polymer gel which is an intermediate product of the present invention is prepared by dissolving polyeth- 
<o ylene in a plasticizer at a temperature not lower than its melting point to form a hot solution and then cooling the solution 
to a temperature not higher than the crystallization temperature. 

[0042] The plasticizer referred to herein means an organic compound which can form a uniform solution with poly- 
ethylene at a temperature not higher than its boiling point and may be, for example, decalin, xylene, dioctyl phthalate, 
dibutyl phthalate, stearyl alcohol, oleyl alcohol, decyl alcohol, nonyl alcohol diphenyl ether, n-decane, n-dodecane and 

45 paraffin oil. Preferred among them are paraffin oil and dioctyl phthalate. The proportion of the plasticizer in the polymer 
gel Is not particularly limited but is preferably 20% to 90%, more preferably 50% to 70%. When the proportion is not 
more than 20%, a microporous film having a suitable porosity is difficult to obtain, whereas when it is not less than 
90% the viscosity of the hot solution decreases to make the continuous sheet formation difficult. 
[0043] The method used for forming the film is not particularly limited. For example, a sheet several ten jim to several 

so mm in thickness can be formed continuously by feeding a high density polyethylene powder and a plasticizer into an 
extruder, melt-kneading them at a temperature of about 200°C and then casting the kneaded mixture through a con- 
ventional hanger coat die on a cooling roll. 

[0044] In the present invention, since superhigh molecular weight polyethylene is not an indispensable component, 
a special heating-dissolving apparatus is unnecessary and a uniform sheet can be prepared in a very simple manner 
55 merely by feeding polyethylene and a plasticizer into an extruder. 



5 



EP 0 814 117 B1 

Stretching step 

[0045] The sheet obtained above is then stretched in at least a uniaxial direction to obtain an oriented film. The 
method of stretching is not particularly limited and may be the tenter method, roll method and rolling method. Particularly 
5 preferred of these is a simultaneous biaxial stretching using the tenter method. The stretching temperature is from 
ordinary temperature to the melting point of the polymer gel, preferably 80 - 130°C. more preferably 100 - 125°C. The 
draw ratio, in terms of area ratio, is 4 - 400-fold : preferably 8 - 200-fold, more preferably 1 6 - 100-fold, when the draw 
ratio is not more than 4-fold, the film strength is insufficient as a separator; when it is not less than 400-fold, the stretching 
operation is difficult and moreover the porosity of the microporous film obtained is apt to be undesirably low. 

10 

Extraction step 

[0046] Then the plasticizer is removed by extraction from the oriented film to obtain a microporous film. The method 
used for extraction is not particularly limited. For example, when paraffin oil or dioctyl phthalate is used, they can be 
is removed by extracting them with an organic solvent, such as methylene chloride and MEK : and then heat-drying the 
microporous film at a temperature not higher than its fuse temperature. When a low boiling point compound, such as 
decalin, is used as a plasticizer, it can be removed merely by heat-drying the microporous film at a temperature not 
higher than its fuse temperature. In either case, the film is desirably constrained so as to prevent the deterioration of 
properties due to contraction of the film. 

20 

Crosslinking 

[0047] In the first production process, the crosslinking treatment is applied after the film forming step. 
[0048] The methods used for crosslinking include irradiation with ultraviolet light, electron beams, or ionizing radia- 
25 tions represented by *rrays, and further chemical crosslinking using crosslinking agents and crosslinking auxiliaries. 
Preferred of these is the method of electron beam irradiation. 

[0049] The dose in the crosslinking by electron beam irradiation is 5 Mrad - 200 Mrad, preferably 10 Mrad - 100 
Mrad, more preferably 15 Mrad - 50 Mrad. When the dose is too small the resulting microporous film is insufficiently 
improved in heat resistance; when the dose is too large the development of the fuse effect of the microporous film is 
30 slow and the mechanical strength of the film decreases. To prevent the lowering of mechanical strength the irradiation 
is preferably conducted under conditions of oxygen concentration in the system reduced to as low a level as possible, 
for example, by introducing nitrogen gas into the system during the irradiation operation. 

[0050] The depth of the crosslinked layer formed by electron beam irradiation depends on the acceleration voltage. 
Since the thickness of the sheet can be made larger than the thickness of the crosslinked layer, the first production 

35 process makes it possible to prepare a sheet crosslinked only in its surface layer. By using a sheet crosslinked in the 
above-mentioned manner, a polyethylene microporous film of multi-layer structure can be obtained. In such a case, 
even when a large dose of irradiation is applied, the lowering of mechanical strength and the decrease of speed of 
fuse effect can be prevented by virtue of the presence of an uncrosslinked layer inside the film. In this case it is preferable 
to increase the minimum dose according to the depth of the crosslinked layer such that the gel fraction of the film as 

40 a whole may reach a favorable range. 

[0051] When a crosslinking agent or crosslinking auxiliary is added in the film forming step, the crosslinking efficiency 
is improved and thus a sufficient heat resistance can be imparted to the microporous film even with a smaller dose of 
irradiation. 

[0052] In order to prevent the microporous film from contracting at the time of exhibiting the fuse effect, the crosslink- 
45 ing treatment may be applied later again, for example, by irradiating the microporous film again with electron beams 
after extraction of the plasticizer. 

[0053] In the second production process, the crosslinking treatment is applied after the stretching step. 
[0054] The method used for crosslinking may be similar to those used in the first process but, since the stretched 
film is relatively thin, in the electron beam irradiation a comparable heat resistance can be imparted with a smaller 
so dose of irradiation than in the first process. 

[0055] The dose in the electron beam irradiation is 1 Mrad - 200 Mrad, preferably 2 Mrad - 1 00 Mrad, more preferably 
5 Mrad - 50 Mrad. When the dose is too small the improvement of the heat resistance of the product obtained is 
insufficient; when the dose is too large the resulting product is slow in developing the fuse effect and also has a de- 
creased mechanical strength. 

55 [0056] When a large dose of irradiation is applied at one time, the polyethylene is heated by the energy of the electron 
beams and as a result troubles, e.g., melting of the film, are apt to occur. Therefore, when the dose is 10 Mrad or more, 
the irradiation is preferably divided into several times of application. 

[0057] In order to prevent the microporous film from contracting at the time of fusing, the crosslinking treatment may 
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be applied later again, for example, by irradiating the microporous film again with electron beams after extraction of 
the plasticizer. 

[0058] In the third production process, the crosslinking treatment is applied after the extraction step. 

[0059] The method for crosslinking may be the same as those used in the second process. However, the film from 

5 which the plasticizer has been extracted has a large specific surface area and is susceptible particularly to the influence 
of oxygen, so that, in conducting electron beam irradiation, the oxygen concentration in the irradiation apparatus is 
preferably reduced to as low a level as possible, for example, by blowing an inert gas, such as nitrogen, into the 
apparatus. Further, if necessary and desired, it is possible to effect surface modification of the film simultaneously with 
crosslinking by introducing various gases into the porous part of the film. 

io [0060] Besides the three processes described above, the crosslinking treatment can also be applied within the film 
forming step, stretching step or extraction step. When a chemical crosslinking agent is used, for example, the crosslink- 
ing treatment may be applied during the preparation of the hot solution by adding the crosslinking agent to the starting 
materials in a predetermined concentration and raising the temperature in the extruder above the reaction temperature 
of the chemical crosslinking agent. Further, when the electron beam irradiation is applied to the hot solution before 

15 being cooled and solidified in the film forming step, to the sheet which is being stretched or to the film which is being 
heat-dried in the extraction step, the irradiation is conducted at relatively high temperatures and consequently a high 
crosslinking efficiency can be obtained. 

[0061] The polyethylene microporous film obtained by the above-mentioned processes may be further subjected, 
according to necessity, to a heat treatment at a temperature not higher than its fuse temperature in order to improve 
20 the dimensional stability of the film. 

[0062] In any of the processes, it is possible to obtain a higher substantial crosslinking density (that is, gel fraction) 

at the same dose by heat-treating the microporous film after crosslinking. 

[0063] Some preferred embodiments of the present invention are described in detail below. 

[0064] The test methods shown in the Examples are as described below. 

25 

(1) Film thickness 

[0065] The film thickness was determined with a dial gauge (PEACOCK NO. 25, a trade name, mfd. by Ozaki Sei- 
sakusho). 

30 

(2) Porosity 

[0066] A 20 cm square sample was cut out from the microporous film and its volume and weight were determined. 
The porosity was calculated from the results of the determination by using the following equation. 

35 

Porosity (%) =100 x (volume (cm 3 ) - weight (g)/0.95) 
x volume (cm 3 ) 

40 

(3) Average pore diameter 
[0067] 

45 1 . SEM Method: The average pore diameter was determined by using a scanning electron microscope. 

2. Permeation Method: An aqueous 0.05% by weight of pullulan (mfd. by Showa Denko) solution was circulated 
under a differential pressure of 0.5 kg/cm 2 and the concentration of pullulan contained in the filtrate was determined 
by differential refractive index determination. The average pore diameter d (j±m) was calculated from the molecular 
weight M of pullulan which showed a rejection of 50% and the intrinsic viscosity [ti] of the aqueous solution by 

50 using the following equation. 

h]M=2.1 X 10 21 ((d/2) 2 ) 3 ' 2 

55 (4) Gel fraction 

[0068] According to ASTM D2765, a sample was cut out from the microporous film, the soluble portion of the sample 
was extracted in boiling xylene for 12 hours to determine the change of sample weight, and the gel fraction was de- 
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termined as the ratio of the residual mass of the sample after extraction to the mass of the sample before extraction 
from the following equation. 

5 Gel fraction (%) = 100 x residual mass (g)/sample mass (g) 

(5) Tensile strength and tensile modulus of elasticity 

[0069] The tensile strength and tensile modulus of elasticity were determined with a TCM-500 Type tester (mfd. by 
10 MINEBEAR CO., LTD.) under conditions of a test piece width of 10 mm, separation between chucks of 50 mm and 
stretching speed of 200 mm/min. 

(6) Piercing strength 

15 [0070] A piercing test was conducted by using a KES-G5 Handy Compression Tester (a trade name, mfd. by KATO 
TECH CO., LTD.) under conditions of a radius of curvature of the needle tip of 0.5 mm and a piercing speed of 2 mm/ 
sec, and the maximum piercing load determined was taken as the piercing strength (g). Further, the piercing strength 
was multiplied by 25 (u.m)/film thickness (ujti) to obtain a piercing strength converted to 25 u.m thickness. 

20 (7) Air permeability 

[0071] The air permeability was determined with a Gurley permeability tester according to JIS P-8117. Further, the 
air permeability was multiplied by 25 (u.m)/film thickness (\xxr\) to obtain an air permeability converted to 25 p.m thickness. 

25 (8) Fuse temperature 

[0072] An electrolytic solution was prepared by adding lithium borofluoride to a solvent mixture of propylene carbon- 
ate and butyrolactone (volume ratio = 1 :1) to make a concentration of 1 .0 M. A polyethylene mlcroporous film sheet 
cut out in a diameter of 16 mm was impregnated with the electrolytic solution and the sheet was interposed between 
30 two nickel electrodes under a pressure of 20 kg/cm 2 . The temperature of the system was raised from room temperature 
at a rate of 20°C/min and the resulting change in impedance was determined under conditions of 1 V and 1 kHz. The 
temperature at which the impedance reached 1 000 CI in the determination was defined as the fuse temperature of the 
microporous film. 

35 (9) Fuse speed 

[0073] The fuse speed was calculated from the slope at an impedance of 1 000 CI according to the following equation. 

40 log (fuse speed) = {d(log Z)/d(t)} z=1000 

wherein Z represents the impedance (CI) and t (°C) the temperature. 
(10) Residual contraction rate 

45 

[0074] A microporous film sample was interposed via two pieces of fluororubber between two circular metal frames 
54 mm in inner diameter, 86 mm in outer diameter and 2 mm in thickness and the circumference was fixed with clips. 
The film in this state was heat-treated by immersing it in a silicone oil (KF-96-10CS, a trade name, mfd. by Shin-Etsu 
Chemical Co., Ltd.) at 160°C for 1 minute to remove the orientation of uncrosslinked parts. Then the sample was cut 
so out along the inner diameter of the metal frames and immersed again in a silicone oil at 1 60°C for 1 minute. The residual 
contraction rate of the resulting sample was calculated from the major axis a and the minor axis b of the sample 
according to the following equation. 

5 5 Residual contraction rate (%) = ab/(54) 2 x 100 
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(11) Breaking time 

[0075] Two polyethylene microporous film strips each 10 mm in width were placed one upon the other, then fixed 
between chucks with a separation of 50 mm, and an initial load of 100 g was applied thereto. The film sample thus 
s prepared was immersed in a silicone oil (KF-96-1 0CS, a trade name, mfd. by Shin-Etsu Chemical Co., Ltd.) which had 
been heated to 160°C beforehand, and the time elapsed until the film broke, (that is, breaking time) was determined 
from the stress relaxation behavior and visual observation. When the breaking time was 10 minutes or more in this 
determination it was evaluated as a. 

10 (12) Overcharge test 

[0076] A lithium ion battery was prepared which comprised a positive electrode, negative electrode and electrolytic 
solution described below. The positive electrode was prepared using LiCo0 2 as the positive electrode active material, 
graphite and acetylene black as the current-carrying agents and fluororubber as the binder and by coating and drying 

15 on an Al foil a dimethylformamide paste which was a mixture of LiCo0 2 , graphite, acetylene black and fluororubber in 
a weight ratio of 88 : 7.5 : 2.5 : 2. The negative electrode was prepared by coating and drying on a Cu foil a dimethyl- 
formamide paste which was a mixture of needle coke and fluororubber in a weight ratio of 95 : 5. The electrolytic 
solution was prepared by adding lithium borofluoride to a solvent mixture of propylene carbonate and butyrolactone 
(volume ratio =1 : 1) to a concentration of 1 .0 M. The battery was charged at 4.2 V for 5 hours and then overcharged 

20 with a constant current. The internal temperature of the battery rose as the result of the overcharge and the current 
was broken when the temperature reached the fuse temperature of the sample. Samples which showed no return of 
electric current for at least one hour thereafter were evaluated as O. Since this test is an acceleration test, the test was 
conducted with a battery which had been dismantled beforehand of safety devices equipped in actual batteries, such 
as PTC elements. 

25 

(13) Absorbed dose 

[0077] The dose determined with a film dosimeter at the irradiation spot in the electron beam irradiation apparatus 
was taken as the absorbed dose of the irradiated sample. 

30 

Example 1 

[0078] Forty parts of a high density polyethylene having a weight average molecular weight of 2.5 x 10 5 and 60 
parts of a paraffin oil CP 350P, a trade name, mfd. by Matsumura Oil Research Corp.) was kneaded with a 35 mm 

35 twin-axis extruder at 200°C to obtain a polymer gel. The polymer gel was cast through a hanger coat die with a lip 
clearance of 1400 ujn on a cooling roll adjusted to a temperature of 30°C to obtain a sheet 1400 u,m in thickness. The 
sheet was irradiated from the surface and the reverse face with two dosages of 20 Mrad each of electron beams (40 
Mrad in total) at an acceleration voltage of 200 kV. The crossl in king -treated sheet was stretched 7 x 7-fold by using 
a batch-type simultaneous biaxial stretching machine and then the paraffin oil was removed by extraction with meth- 

40 ylene chloride to obtain a polyethylene microporous film. 

Example 2 

[0079] A polyethylene microporous film was prepared in the same manner as in Example 1 except that the absorbed 
45 dose was changed to 80 Mrad in total. 

Example 3 

[0080] A polyethylene microporous film was prepared in the same manner as in Example 1 except that the acceler- 
50 ation voltage was changed to 500 kV and the absorbed dose to 20 Mrad in total. 

Example 4 

[0081] A sheet prepared in the same manner as in Example 1 was stretched 7 x 7-fold by using a batch type simul- 
55 taneous biaxial stretching machine s and the stretched film was irradiated from the surface and the reverse face with 
two dosages of 10 Mrad each of electron beams (20 Mrad in total) at an acceleration voltage of 150 kV. Thereafter, 
the paraffin oil was removed by extraction with methylene chloride to obtain a polyethylene microporous film. 



9 



EP 0 814 117 B1 



Example 5 

[0082] A sheet prepared in the same manner as in Example 1 was stretched 7 x 7-fold by using a batch type simul- 
taneous biaxial stretching machine and then the paraffin oil was removed by extraction with methylene chloride. There- 
5 after the stretched film was irradiated from the surface and the reverse face with two dosages of 10 Mrad each of 
electron beam irradiation (20 Mrad in total) at an acceleration voltage of 150 kV to obtain a polyethylene microporous 
film. 

Example 6 

10 

[0083] A polyethylene microporous film was prepared in the same manner as in Example 5 except that the absorbed 
dose was changed to 1 0 Mrad in total and the stretching machine was changed to a continuous simultaneous biaxial 
stretching machine. 

is Example 7 

[0084] A polyethylene microporous film was prepared in the same manner as in Example 6 except that the starting 
material composition was changed to 20 parts of a linear copolymer polyethylene having a melt index of 0.017 (density 
0.929, propylene content 1.6% by mol) : 20 parts of a high density polyethylene having a weight average molecular 
20 weight of 2.5 x 1 0 5 (density 0.956) and 60 parts of a paraffin oil (P350P, a trade name, mfd. by Matsumura Oil Research 
Corp.) and the absorbed dose was changed to 5 Mrad. 

Example 8 

25 [0085] A polyethylene microporous film was prepared in the same manner as in Example 6 except that the starting 
material composition was changed to 6.75 parts of a linear copolymer polyethylene having a melt index of 0.01 7 (density 
0.929, propylene content 1 .6% by mol), 38.25 parts of a high density polyethylene having a weight average molecular 
weight of 2.5 x 10 5 (density 0.956) and 55 parts of a paraffin oil (P350P, mfd. by Matsumura Oil Research Corp.) and 
the absorbed dose was changed to 5 Mrad. 

30 

Comparative Example 1 

[0086] A polyethylene microporous film was prepared in the same manner as in Example 1 except that the electron 
beam irradiation was omitted. 

35 

Comparative Example 2 

[0087] A polyethylene microporous film was prepared in the same manner as in Example 1 except that the absorbed 
dose was changed to 4 Mrad. 

40 

Comparative Example 3 

[0088] A polyethylene microporous film was prepared in the same manner as in Comparative Example 1 except that 
the starting material composition was changed to 13 parts of a high density polyethylene having a weight average 
45 molecular weight of 2.5 x 10 5 , 2 parts of a superhigh molecular weight polyethylene having a viscosity average mo- 
lecular weight of 2 x 10 6 and 85 parts of a paraffin oil (P350P, a trade name, mfd. by Matsumura Oil Research Corp.). 

Comparative Example 4 

so [0089] Five and a half parts of a superhigh molecular weight polyethylene having a viscosity average molecular 
weight of 3 x 1 0 s , 11 .5 parts of a high molecular weight polyethylene having a viscosity average molecular weight of 
3 x 10 5 : 22 parts of silica fine powder, 53 parts of dioctyl phthalate and 8 parts of liquid paraffin were mixed in a 
Henschel mixer and the resulting mixture was formed into a film 1 50 \xrr\ in thickness with a film producing apparatus 
comprising a 30 mm <j> twin-axis extruder fitted with a T-die 450 mm in width. 

55 [0090] The film thus formed was immersed in 1 ,1 ,1 -trichloroethane for 1 0 minutes to extract dioctyl phthalate, then 
dried, further immersed in a 25% caustic soda solution at 60°C for 60 minutes to extract silica fine powder and then 
dried. The microporous film thus obtained was stretched with a series of roll stretcher heated to 125°C so as to give 
a film thickness of 30 u,m - 40 ujti, and heat-treated in an atmosphere of 1 15°C for 5 seconds to obtain a polyethylene 
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microporous film. 

[0091] The microporous films thus prepared were examined by the test methods described above and the results 
are shown in Table 1 . 
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[0092] The polyethylene microporous film according to the present invention has both a sharp fuse effect and a high 
heat resistance. Therefore, the use of the film particularly as a separator for a battery improves the stability of the film 
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under the fuse conditions and prevents the return of electric current due to film breakage from occurring and as a result 
can enhance the stability of the battery. 

Claims 

1 . A polyethylene microporous film having high strength and excellent heat resistance which has a crosslinked struc- 
ture and has a porosity of 20 - 80%, a gel fraction of 1% or more and an average pore diameter determined by the 
permeation method of 0.001 - 0.1 u.m. 



2. 


The polyethylene microporous 


film 


according to 


claim 1 


3. 


The polyethylene microporous 


film 


according to 


claims 


4. 


The polyethylene microporous 


film 


according to 


claims 


5. 


The polyethylene microporous 


film 


according to 


claims 


6. 


The polyethylene microporous 
20 seconds or more. 


film 


according to 


claims 



7. A polyethylene microporous film produced by a process comprising the steps of preparing a hot solution consisting 
essentially of polyethylene and a plasticizer, cooling and solidifying the hot solution to form a sheet, stretching the 
sheet in at least a uniaxial direction to obtain an oriented film, and removing by extraction the plasticizer contained 

25 jn the oriented film wherein at least one crosslinking treatment is applied to the sheet or film during any one of the 

process steps or after the process steps. 

8. The polyethylene microporous film according to claim 7 which is produced by applying the crosslinking treatment 
after stretching. 

30 

9. A process for producing a polyethylene microporous film comprising the steps of preparing a hot solution consisting 
essentially of polyethylene and a plasticizer, cooling and solidifying the hot solution to form a sheet, stretching the 
sheet in at least a uniaxial direction to obtain an oriented film, and removing by extraction the plasticizer contained 
in the oriented film wherein at least one crosslinking treatment is applied to the sheet or film during any one of the 

35 process steps or after the process steps. 

10. The process for producing a polyethylene microporous film according to claim 9 wherein the crosslinking treatment 
is applied after the stretching. 

40 11. The process for producing a polyethylene microporous film according to claim 9 or 10 wherein the crosslinking 
treatment is electron beam irradiation. 

12. The process for producing a polyethylene microporous film according to claims 9-11 wherein electron beam 
irradiation is conducted after removing the plasticizer by extraction. 

45 

13. A separator for batteries made from the polyethylene microporous film according to claims 1-8. 

14. A battery containing the separator of claim 13. 



Patents nsprUche 



1. Mikroporose Polyethylenfolie mit hoher Festigkeit und ausgezeichneter Warmebestandigkeit, die eine vernetzte 
Struktur und eine Porositat von 20 bis 80%, eine Gelfraktion von 1% oder mehr und einen nach dem Permeati- 

55 onsverfahren bestimmten mittleren Porendurchmesser von 0,001 bis 0,1 |j.m aufweist. 

2. Mikroporose Polyethylenfolie gemaB Anspruch 1, die eine Restkontraktionsrate von 15% oder mehr hat. 
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3. Mikroporose Polyethylenfolie gemaB Anspruch 1 und 2, die eine Schmelzgeschwindigkeit von 5,0 Oder mehr hat. 

4. Mikroporose Polyethylenfolie gemaB Anspruch 1 bis 3, die eine Durchstechfestigkeit von 300 g oder mehr hat. 

5. Mikroporose Polyethylenfolie gemSB Anspruch 1 bis 4, der eine Durchstechfestigkeit von 400 g oder mehr hat. 

6. Mikroporose Polyethylenfolie gemaB Anspruch 1 bis 5, der eine ZerreiBzeit in Silikonol bei 1 60 °C von 20 Sekunden 
oder mehr hat. 

7. Mikroporose Polyethylenfolie, die nach einem Verfahren hergestellt wird, das die folgenden Schritte umfasst: Her- 
stellen einer heiBen Losung, die im Wesentlichen aus Pofyethylen und einem Weichmacher besteht, Abkuhlen 
und Erstarrenlassen der heiBen Losung unter Bildung einer Folie, Strecken der Folie in wenigstens einer uniaxialen 
Richtung, so dass man eine orientierte Folie erhatt, und Entfernen des in der orientierten Folie enthaltenen Weich- 
machers durch Extraktion, wobei auf die Folie wan rend einem der Verfahrensschritte oder nach den Verfahrens- 
schritten wenigstens eine Vemetzungsbehandlung angewendet wird. 

8. Mikroporose Polyethylenfolie gemaB Anspruch 7, die hergestellt wird, indem man die Vemetzungsbehandlung 
nach dem Strecken anwendet. 

9. Verfahren zur Herstellung einer mikroporosen Polyethylenfolie, das die folgenden Schritte umfasst: Herstellen 
einer heiBen Losung, die im Wesentlichen aus Polyethylen und einem Weichmacher besteht, Abkuhlen und Er- 
starrenlassen der heiBen Losung unter Bildung einer Folie, Strecken der Folie in wenigstens einer uniaxialen 
Richtung, so dass man eine orientierte Folie erhalt, und Entfernen des in der orientierten Folie enthaltenen Welch- 
machers durch Extraktion, wobei auf die Folie wahrend einem der Verfahrensschritte oder nach den Verfahrens- 
schritten wenigstens eine Vemetzungsbehandlung angewendet wird. 

10. Verfahren zur Herstellung einer mikroporosen Polyethylenfolie gemaB Anspruch 9, wobei die Vemetzungsbehand- 
lung nach dem Strecken angewendet wird. 

1 1 . Verfahren zur Herstellung einer mikroporosen Polyethylenfolie gemaB Anspruch 9 oder 1 0, wobei die Vemetzungs- 
behandlung eine Bestrahlung mit einem Elektronenstrahl ist. 

12. Verfahren zur Herstellung einer mikroporosen Polyethylenfolie gemaB den Anspruchen 9 bis 11, wobei die Be- 
strahlung mit dem Elektronenstrahl durchgefuhrt wird, nachdem der Weichmacher durch Extraktion entferntwurde. 

13. Separator fur Batterien, der aus der mikroporosen Polyethylenfolie gemaB den Anspruchen 1 bis 8 hergestellt wird. 

14. Batterie, die den Separator gemaB Anspruch 13 enthalt. 



Revendicatlons 

1. Un film microporeux de polyethylene ayant une grande resistance et une excellente resistance a la chaleur qui a 
une structure reticulee et a une porosite de 20 a 80 %, une fraction de gel de 1 % ou superieure a 1 % et un 
diametre moyen de pore determine par le proc6d6 de permeation de 0,001 a 0,01 u.m. 

2. Le film microporeux de polyethylene suivant la revendication 1 , qui a un taux residuel de retrait de 1 5 % ou superieur 
a 15%. 

3. Le film microporeux de polyethylene suivant les revendications let 2, qui a une vitesse de fusible de 5,0 ou su- 
perieure a 5,0. 

4. Le film microporeux de polyethylene suivant les revendications 1 a 3, qui a une resistance au pergage de 300 g 
ou superieure a 300 g. 

5. Le fil microporeux de polyethylene suivant les revendications 1 a 4, qui a une resistance au percage de 400 g ou 
superieure a 400 g. 
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6. Le film microporeux de polyethylene suivant les revendications 1 a 5, qui a un temps de rupture dans de I'huile 
de silicone a 160°C de 20 s ou superieur a 20 s. 

7. Film microporeux de polyethylene produit par un procede comprenant les stades de preparation d'une solution 
5 chaude consistent essentlellement en polyethylene et en un plastifiant, de refroidissement et de solidification de 

la solution chaude pour former une feuille, d'etirage de la feuille dans au moins une direction uniaxiale pour obtenir 
un film oriente et d'elimination par extraction du plastifiant dans le film oriente, au moins un traitement de reticulation 
etant appliqu6 a la feuille ou au film durant Tun quelconque des stades operatoires ou apres les stades operatoires. 

10 8. Film microporeux de polyethylene suivant les revendications 1 a 3, qui est produit en appliquant le traitement 
reticulation apres I'etirage. 

9. Procede de production d'un film microporeux de polyethylene comprenant les stades de preparation d'une solution 
chaude consistant essentiellement en polyethylene et en un plastifiant, de refroidissement et de solidification de 

'5 la solution chaude pour former une feuille, d'etirage de la feuille dans au moins une direction uniaxiale pour obtenir 

un film oriente et d'elimination par extraction du plastifiant dans le film oriente, au moins un traitement de reticulation 
etant applique a la feuille ou au film durant I'un quelconque des stades operatoires ou apres les stades operatoires. 

10. Procede de production d'un film microporeux de polyethylene suivant !a revendication 9, dans lequel on applique 
20 Je traitement de reticulation apres I'etirage. 

11. Procede de production d'un film microporeux de polyethylene suivant la revendication 9 ou 10, dans lequel le 
traitement de reticulation est une exposition a un faisceau d'electrons. 

25 12. Procede de production d'un film microporeux de polyethylene suivant les revendications 9 a 11 : dans lequel on 
effectue I'exposition a un faisceau d'electrons apres avoir elimine le plastifiant par extraction. 

13. Separateur d'accumulateurs fait du film microporeux de polyethylene suivant les revendications 1 a 8. 

30 14. Accumulateur contenant le separateur de la revendication 13. 
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